Abstract. Distribution network fault location technology is currently mainly concentrated in sub section positioning and based on the offline signal injection method precise positioning stage, this paper proposes a new online traveling wave fault location method based on the correlation matrix, the method based on line distributed terminal high sampling data waves, with terminal data construction association matrix, through the correlation matrix of the symmetry and correlation determine fault section and identify abnormal data set, on the basis of further accurate fault location, so as to improve the reliability and accuracy of fault location in distribution network.
Introduction
At present, the main research direction of distribution network fault location is fault section location,According to the principle of difference can be divided into active positioning method and passive location method [1] . The passive location method is usually used to detect the ground/short circuit current components [2] [3] [4] of the fault with FTU or fault indicator.When the fault type and fault transition resistance are large, and the fixed value is difficult. Especially in the case of single-phase ground fault (accounting for more than 60% of total failures), active positioning method is often required.The basic principle of active positioning method is to inject a specific frequency signal into the grounding line after the failure, and determine the fault branch by detecting the path of the injected signal,The main problem of this method is that the equipment is complex and expensive, which is not suitable for long-distance lines, especially in operation.
As sampling terminal device to reduce costs, to enhance public data network transmission capacity, multiple research institutes at home and abroad in the study of the traveling wave fault location for distribution network [5] [6] [7] [8] , largely based on double-end traveling wave method, the application of position calculation data is complete, diverse applications with a focus on the line to solve wave velocity setting, GPS correction and T connection problem.
This paper puts forward a kind of online traveling wave fault location method based on incidence matrix, using the data to construct the correlation matrix, and determined by symmetry and correlation of the incidence matrix of fault interval and identify abnormal data, on the basis of further completed the fault point precise positioning, and improve the distribution network reliability and accuracy of fault location.
The Principle of Online Positioning of Distribution Network Based on Travel-wave Method
The traveling wave fault location principle is based on the transmission of the voltage current fault line wave on the online road, and the fault location is determined by measuring the time to reach the monitoring points.The calculation formula is as follows:
Lfault is the distance between the monitoring point and the point of failure, L is the length of the double-end point measurement, v is the wave velocity, and t ∆ is the initial wave head reaches the point of the two monitoring points.
Wavelet packet transform can detect the mutation signal, and reflects a mutation position and signal strength, and the singularity detection theory based on wavelet packet to each terminal fault data wavelet packet transform and modulus maxima corresponding to the abrupt change point of the signal, the polarity of the modulus maxima corresponding to the direction of the signal mutation. The wavelet packet transform can precisely determine the time of the arrival of the wave head to reach the measuring point, and the GPS technology can be used to reduce the error to less than 1 us.
Wavelet packets can be defined below:
The filter coefficients of the orthogonal wavelets are hn and gn, here the scale function ( ) t φ is recorded as 0 ( ) u t , the function of the wavelet function is ( ) t ϕ is recorded as 1 ( ) u t , the scale equation is the lower equation:
1 0
Define the type:
The defined function set { ( ) n u t }, k Z ∈ is defined as a small wave packet by determining the 0 ( ) ( ) u t t φ = , and Z is an integer set.
Based on the Construction of Relational Matrix Location Algorithm Flow

Data Preprocessing
This step consists of two links: 1) Phase mode transformation. Due to transient travelling wave exists in the process of distribution line transmission coupling, and to reduce the coupling influence, this article USES the Clark transform three-phase voltage transform for alpha, beta, 0 modulus, and alpha modulus are analyzed.
2) Find the initial moment of failure.This paper USES wavelet transform to detect transient voltage signal mutation point as the initial moment of failure of each measuring node.
3) Abnormal node selection. The node was selected according to the measured time of initial failure and amplitude.
The Trunk Node Moment Calculates
After the grounding or short circuit of the distribution network, the transient travelling wave of the fault will be propagated along the line in the power grid, so the transient wave can be detected by the measuring terminals on the distribution network line. See figure 1 below:t1, t2, t3, t4 are the initial wave head moments which are measured for the terminal node installed at the end of the branch line; t'1, t'2, t'3, t'4 are the initial wave times of the main virtual node (hereinafter referred to as the main stem node) which are calculated based on the initial wave head time of the actual terminal node; l1, l2, l3, l4 are the distance between the main nodes; b1, b2, b3, b4 are the length of each branch line respectively. Let's say the speed of the line is v, it can be seen from figure 1 that in addition to t6=t'6, the nodes of the main nodes can be obtained by the following formula: t' n = t n -b n /v (5) Figure 1 . The principle of the fault location algorithm of the distribution line of the distribution network.
Construct Correlation Matrix
Network topology in figures 1, for example, constitute the main node set N = {n1, n2, n3, n4, n5, n6}, two node pairs may constitute a n-order matrix A, matrix elements of the node pairing two double side and as a result, for example: A12= (n1, n2), computation formula is as follows:
When the fault point between nodes n 3 and n 4 interchange, D2 distance to fault distance backbone nodes n 2 , A 21 ≈0, A 23 ≈l2, A 24 ≈A 25 ≈A 26 ≈D 2 , matrix element is less than ranging σ (σ average measurement error in the distribution network fault location device 300 meters) is zero, and can be thought of other similar matrix element calculation method. Because the node's own matching computation has no practical significance, the diagonal element A nn =0, then the correlation matrix A is available, and the corresponding value is as follows: A= 
Respectively, the associated array rows and column vectors are:
When the node n data is abnormal on the monitoring line, the corresponding row vector R n and column vector C n are abnormal in the correlation matrix.
Judgment of Related Nodes Based on the Fault Interval
It can be seen from formula (7) that in normal circumstances, the maximum two lines of zero elements in the associated matrix row vectors correspond to the adjacent nodes of the fault point, and the two row vectors are adjacent. Row vector symmetry, i.e., the symmetric sum of zero elements in R 3 and R 4 should be equal to the number of nodes n; Matrix element correlation, that is: D 3 +D 4 ≈l 3 . When R 3 and R 4 meet the above conditions,it show that the node n 3 and n 4 interchange data with other nodes on a line by matching check is accurate, and meet the line length constraints, can go directly to step 6 (section 3.6) for subsequent calculations. If the symmetry and correlation conditions are not met, there may be bad data in the correlation matrix and bad data identification and correction are required.
Bad Data Identification and Correction
In fault location calculation, ∆L line length error cause ∆L/2, wave velocity v on the result of fault location is associated with line length and fault point location, velocity values range from 0.291 to 0.297 v, extreme influence is about 0.3% of the length of the line. Due to the relatively short length of the actual distribution network, the length of the line and the velocity v have a relatively small influence on the fault location accuracy. The initial wave head time is the key factor of positioning calculation. In actual engineering application, the source of bad data is mainly the measurement error of initial wave head (usually caused by abnormal sampling frequency, GPS time standard deviation and mutual inductor). When there is bad data in the node set N, there are two cases:
1) The data exception of the adjacent node of the fault point Assumption of adjacent nodes n 4 interchange data exceptions, the correct measurements t 4 extra ∆t, will lead to node n 4 interchange related matrix element ∆d =∆ t×v/2 measurement error, the error of the correlation matrix A E as shown below: 
It can be seen from step 4 (section 2.4) that the maximum number of row vector zero elements is R 3 and R 5 , while R 3 and R 5 are not adjacent and do not satisfy the symmetry and correlation. Therefore, the row vector R 4 should be abnormal data. When material -∆d≈A 34 -A 35 ≈A 45 , argues -∆d is measurement error due to abnormal data node 4, right can be obtained on A E of matrix correction matrix A; If the condition is not met, the node data is deleted, and the association matrix A is reconstructed using nodes{n 1 , n 2 , n 3 , n 5 , n 6 }.
2) Other measurement node data exceptions Backbone nodes n 6 abnormalities that cause ∆d measurement error, the error of the correlation matrix of A E as shown below: 
It can be seen from step 4 that the maximum number of row vector zeros is R 3 and R 4 , while R 3 and R 4 are adjacent to each other and satisfy the correlation, then the effect of row vector R 6 and column vector C 6 can be deleted to avoid the subsequent calculation.
Error Matrix Construction and Fault Location
From the relative position of the correlation matrix A, the following correlations exist: 
Among them, M 11 = G 14 , which is the point location of node n1 and n4 matching, other elements are similar. Theoretically, two pairs of all nodes measured results should be fully equal, but in actual engineering, due to the line length error, GPS timing offset factors, tend not to set up directly. Theoretically, due to the error on the whole present normal distribution principle, under the condition of no bad data interference, the most accurate matching results compared with the other elements total measurement error should be minimal, M 11 , for example, compared with other elements, the measurement error is as follows: 
The total measurement error is:S 11 = 
Minimum value of the error matrix element is the precise matching results, the results of fault point corresponding to the location of the main line, when compared with the node n 3 and n 4 interchange distance is greater than the σ, thinks that fault point located on the main road; When the fault point distance n 3 and n 4 interchange distance less than σ, thinks that fault point may be on the branch, the node n 3 and n 4 interchange matching double-end positioning calculation, fault distance from the actual terminal node 3 as follows:
L=[l 3 +b 3 +b 4 -(t 4 -t 3 )×v ]/2 (14)
Experimental Simulation and Algorithm Verification Establish a Simulation Data Model
In this paper, based on actual 10 kv distribution network line set up simulation model of the main line 11.4 km long, and in the end of the line installation for the end of the five main branch positioning terminal device, the sampling rate is 1.25 MHz, distribution circuit model with reference to the actual circuit structures distance, a point of failure in the trunk of t '3 3.26 km. Using the algorithm flow in 3, the following data is obtained: Based on the wavelet transform and the calculation method of the fault initial moment, the node moment of the trunk was calculated [t' 1 , t' 2 , t' 3 , t' 4 , t' 5 , t' 6 ] = [87076. 8, 87070.5, 87059.4, 87052.8, 87063, 87065.2] .To construct the correlation matrix, the node set N = {n 1 , n 2 , n 3 , n 4 , n 5 , n 6 } pair of nodes are calculated, according to the line voltage grade and the structure wave speed set to 294m/us.The correlation matrix is shown below: 
Interval and Fault Location Results
Based on incidence matrix row vector zero elements in up to two lines judge fault is located in n 3 and n 4 interchange between nodes, according to the mentioned constraints associated matrix A is converted to measure matrix G, because G 1n = M n1 , matrix G can be obtained order reduction processing measurement matrix M, as shown in the following type: 
The M 11 = G 14 cabal resentful, even if the nodes 1 and 4 matching calculation of fault point location, because two pairs more groups of calculation results, with each node as the cluster center, generate the error array, as shown in the following type: 
According to the error matrix E, the result of the data pairing of node 3 and node 4 is selected as the final result E 31 , and the fault point is considered to be on the main trunk road when the result is larger than 300 meters of the standard deviation. Otherwise, it is assumed that the failure point may be on the branch, and then the actual terminal data t 3 and t 4 will be used to complete the final calculation.
Conclusion
Distribution network fault location technology at present mainly in the segmented positioning and accurate positioning stage based on off-line signal injection method, this paper proposes a new online traveling wave fault location based on incidence matrix method, the method based on line distributed terminal high sampling wave data, using data to construct the correlation matrix, and determined by symmetry and correlation of the incidence matrix of fault band and identify abnormal data, on the basis of further completed the fault point precise positioning, and improve the distribution network reliability and accuracy of fault location.
